Introduction
R egulatory T cells (Tregs) expressing the transcription factor forkhead box P3 (Foxp3) are essential for immune homeostasis.
(1,2) They naturally arise in the thymus as a lineage separate from conventional CD4
1 CD25 -T cells and function in the periphery, primarily to suppress responses to selfantigens (nTregs). (3) In addition, CD4 1 T cells that encounter antigens in a certain microenvironment in the periphery can differentiate into "adaptive" or "induced" Treg cells (iTregs) that also express high levels of Foxp3. (4) Both types of Tregs likely control allograft rejection. (5) As the frequency of alloantigenreactive T cells in the immune repertoire of organ transplant recipients is usually higher compared with Abbreviations: ACR, acute cellular rejection; BSI, bloodstream infection; CFSE, carboxyfluorescein diacetate succinimidyl ester; CMV, cytomegalovirus; DSA, donor specific anti-human leukocyte antigen antibody; EAD, early allograft dysfunction; FOXP3, forkhead box P3; GCR, glucocorticoid receptor; HLA, human leukocyte antigen; IFN, interferon; IL, interleukin; iTreg, induced regulatory T cell; LDLT, living donor liver transplantation; LT, liver transplant; MELD, model for end-stage liver disease; MLR, mixed lymphocyte reaction; MP, methylprednisolone; nTreg, regulatory T cell suppressing self-antigens; OKT3, anti-human CD3 antibody; PBMC, peripheral blood mononuclear cells; PE, phycoerythrin; PI, proliferation index; rATG, rabbit ATG; SI, stimulation index; SNP, single nucleotide polymorphism; SRAR, steroid-resistant acute rejection; SSAR, steroid-sensitive acute rejection; TAC, tacrolimus; Treg, regulatory T cell.
the relatively small frequency of nTreg cells, the induction of immunosuppressive therapy is indispensable to prevent allograft destruction. Interestingly, the allograft itself can induce/expand Treg populations that can protect it from rejection, (6) and even when the primary allograft has been rejected, cells with characteristics of Tregs are found in the recipients. (7, 8) This indicates that exposure to alloantigens can lead to the generation of iTregs and/or expansion of nTreg populations even in the progress of alloimmune responses, suggesting that the unforeseeable consequence of a rejection reaction toward allografts might be attributed to individual differences in iTreg/nTreg functions among recipients.
The development and function of Tregs is controlled by the FOXP3 gene encoding Foxp3 protein, which regulates T-cell activation and functions as a transcriptional repressor to down-regulate cytokine production in T cells. (9) Polymorphisms in the promoter region of FOXP3 may potentially alter gene expression by changing the binding specificity of transcription factors to their binding sites and by modifying the kinetics of transcription initiation, causing Treg dysfunction and consequently the development of autoimmune diseases. (10, 11) Considering the critical role of Tregs in immune responses to alloantigens after organ transplantation and previous results suggesting associations between genetic polymorphisms in the FOXP3 gene and autoimmune diseases, FOXP3 polymorphisms presumably might be associated with the severity of alloimmune responses after organ transplantation. Consistent with this, a possible association between the genotype at the FOXP3 rs3761548 locus and rejectionfree allograft survival in renal transplantation has been demonstrated, although the impact of FOXP3 polymorphisms on the severity of the rejection reaction toward kidney allografts remains to be elucidated. (12) Because preferential accumulation of Tregs in liver allografts during acute cellular rejection (ACR) is reportedly associated with reduced severity of rejection, (13, 14) suggesting a role of Tregs in preventing excessive progress of ACR, the present study investigated the impact of FOXP3 single nucleotide polymorphisms (SNPs) on the severity of ACR in liver transplant (LT) recipients.
Patients and Methods

PATIENT POPULATION
The study population consisted of 102 consecutive patients who received a primary living donor LT (LDLT) at Hiroshima University Hospital from 2006 to 2015. The study was performed in accordance with the declaration of Helsinki and its amendments. The study and protocol were approved by the Institutional Review Board of Hiroshima University (No. Hi-77), and written consent was obtained from all subjects.
IMMUNOSUPPRESSIVE REGIMEN
The basic immunosuppressive regimen used following LDLT has been described. (15) (16) (17) In brief, the immunosuppressive regimen consisted of tacrolimus (TAC) and methylprednisolone (MP) with gradual tapering of the dose. The whole-blood trough level of TAC was maintained between 8 and 15 ng/mL in the first few postoperative weeks and between 5 and 10 ng/ mL thereafter. For ABO-incompatible patients, preoperative desensitization was performed. Rituximab (500 mg) was intravenously administered 2 weeks before the operation. TAC (trough, 5-10 ng/mL) and mycophenolate mofetil were orally administered 2 weeks before the operation. Plasma exchange or double-filtration plasmapheresis was performed when the antibody titer remained elevated. An immunosuppressive regimen similar to that for ABO-compatible cases was administered after LDLT.
DEFINITION AND TREATMENT OF ACR
ACR was defined as graft dysfunction, evidenced by elevated transaminase and/or bilirubin, with their persistent initial elevation at least 3 times the upper normal limit in the absence of vascular or biliary complication or infection. Vascular and biliary complications were identified with the help of Doppler ultrasound. The clinical suspicion of ACR was supported by the protocoled mixed lymphocyte reaction (MLR) assay, which can rigorously monitor rejection. (18) Episodes of rejection were initially treated with either mini pulse (125-250 mg intravenous MP for 2-3 days or more) or with steroid pulse (500 mg intravenous MP for 3 days or more), according to the clinical severity of ACR, with a gradual tapering of the dose and return to the previous oral double-drug regimen. Rejection was considered steroid-resistance acute rejection (SRAR) when liver function tests improved by <50% of the highest values after three steroid boluses. Most cases of SRAR were treated with anti-human CD3 antibody (OKT3; Janssen-Kyowa Co. Ltd., Tokyo, Japan) or rabbit ATG (rATG) (Thymoglobulin; Sanofi K.K., Shinjuku, Japan). Regardless of the response to steroids, recovery from acute rejection was considered when liver function tests returned to normal within a week after treatment. For transplants performed after 2010, biopsies of the liver allografts were taken from patients diagnosed with ACR after steroid pulse treatment to evaluate the effects of the steroid treatment and/or to distinguish between patients showing rejection and recurrence of the original disease. The histologic examination of liver biopsies was performed according to the Banff classification. (19) 
HUMAN LEUKOCYTE ANTIGEN ANTIBODY DETERMINATION
The donor-specific anti-human leukocyte antigen (HLA) antibody (DSA) levels were analyzed at 1 month posttransplantation in patients with ACR. Anti-HLA single antigen reactivity was detected on a Luminex platform (LABScan 100 flow analyzer; Luminex Corporation, Austin, TX) according to the manufacturer's protocol using LABScreen Single Antigen assays. The results were recorded as the mean fluorescence intensity, and values greater than 1,000 were considered positive as previously described. (20) De novo DSAs were defined as HLA-A, HLA-B, HLA-C, DRB1, or DQB1 antibodies detected against the donor HLA that were not present at the pretransplant assessment.
DEFINITION OF EARLY ALLOGRAFT DYSFUNCTION
Early allograft dysfunction (EAD) was defined based on previous studies (21, 22) as the presence of one of the following variables after LDLT: serum bilirubin level 10 mg/dL, international normalized ratio 1.6 on postoperative day 7, and alanine aminotransferase or aspartate aminotransferase >2,000 IU/L within the first 7 postoperative days.
MLR ASSAY
To monitor the recipient immune status, the MLR assay using a carboxyfluorescein diacetate succinimidyl ester (CFSE) labeling technique was performed before LT as a baseline and at 1, 2, and 4 weeks after LT, with consent from the recipients, donors, and healthy volunteers. (16, 17) In brief, peripheral blood mononuclear cells (PBMCs) obtained from the recipients (autologous control), donors, and healthy volunteers (third-party control) were irradiated with 30 Gy and used as a stimulator. Responder PBMCs from the recipients were labeled with 5-(and 6)-CFSE (Molecular Probes, Inc., Eugene, OR). Both the stimulator and responder cells were adjusted to 2 3 10 6 cells/mL and cocultured in AIM-V medium (Invitrogen, Grand Island, NY) at 37 8C in a 5% CO 2 incubator in the dark for 5 days. After MLR culture, the nonadherent cells were harvested and stained using either phycoerythrin (PE)-conjugated anti-CD4 (RPA-T4) or anti-CD8 (RPA-T8) monoclonal antibody (BD Pharmingen, San Diego, CA). Flow cytometry was carried out on a FACSCalibur dual-laser cytometer (Becton Dickinson, Mountain View, CA) using standard Cell Quest acquisition/analysis, and fluorescence compensation was achieved using an appropriate single fluorochrome-labeled sample. Dead cells, identified by light scatter and propidium iodide staining, were excluded from the analysis.
QUANTIFICATION OF CD4
1 AND CD8
1 T-CELL PROLIFERATION Precursor frequency (PF), proliferation index (PI), and stimulation index (SI) were quantitatively estimated as described. (16, 17) In brief, divisions of reactive T cells, which were identified by their CFSE intensities, were labeled from 0 to n based on dividing time. A single cell dividing n times generates 2 n daughter cells. Using this mathematic relationship, the number of division precursors was extrapolated from the number of daughter cells of each division and from proliferation events and PF in CD4
1 and CD8 1 T-cell subsets. Using these values, proliferation events and PIs were calculated. The SI was calculated by dividing the PIs of allogeneic combinations by those of autologous controls.
DEFINITION OF INFECTIONS
Cytomegalovirus (CMV) infection, fungal infection, and bloodstream infection (BSI) were defined as described. (23) Briefly, CMV infection was defined as detection of more than 3/50,000 CMV pp65-positive cells along with a preemptive treatment history with valganciclovir or as CMV disease with treatment with ganciclovir. Fungal infection was confirmed by positive fungal culture in blood or abdominal cavity or evidence of infectious lesions in any organ system as demonstrated by radiographic or histologic evaluation. Positive episodes of fungal infections were both suspected and confirmed along with the treatment history of an antifungal drug. Lastly, BSI was defined according to criteria proposed by the Center for Disease Control. (24) With the rise of fever higher than 38 8C, a blood culture was done, and isolation of bacteria or fungus (other than common skin contaminants) from one or more cultures in the presence of clinical symptoms was considered proof of BSI.
GENOTYPING
Foxp3 is a member of the forkhead/winged helix protein family of transcription factors. The FOXP3 gene is located on chromosome Xp11.23q13.3 in humans and is composed of 11 coding and 3 noncoding exons. (25) Three SNPs in the promoter region, -3499 A/G (rs3761547), -3279 A/C (rs3761548), and -924 A/G (rs2232365), were analyzed as follows: Genomic DNA was extracted from LT-recipient PBMCs by using the Wizard SV Genomic DNA Purification System (Promega Corporation, Madison, WI) according to the manufacturer's protocol. The three SNPs were detected by polymerase chain reaction restriction fragment length polymorphism as described. (26) (27) (28) The primers and enzymes used in this technique are listed in Supporting Table S1 . The thermal cycling condition for rs3761548 was initial denaturation at 98 8C for 1 minute, followed by 35 cycles of 98 8C for 30 seconds, annealing 67 8C for 30 seconds, extension at 72 8C for 1 minute, and final extension at 72 8C for 7 minutes. For rs3761547 and rs2232365, the cycling condition was initial denaturation at 95 8C for 5 minutes, followed by 35 cycles of 95 8C for 30 seconds, annealing 62 8C for 30 seconds, extension at 72 8C for 30 seconds, and final extension at 72 8C for 7 minutes.
CYTOKINE ASSAY
Serum of LDLT recipients was prepared at pretransplant and 2 weeks and 1 month after LT. Interleukin (IL)-2, IL-10, interferon (IFN)-c, and IL-17 A were measured by using a BD Cytometric Bead Array kit (BD Bioscience, Mountain View, CA) on a BD FACS Canto II (BD Biosciences). IL-35 was measured by using a commercial enzyme-linked immunosorbent assay kit (Cloud-Clone Corp., Wuhan, China) and read on a Microplate Reader-300 (Corona Electric, Ibaraki, Japan). Both the cytometric bead array assay and enzyme-linked immunosorbent assay were performed according to the manufacturers' instructions.
FLOW CYTOMETRY
Freshly isolated PBMCs of healthy volunteers and recipients at a pretransplant time point were used for phenotypic analysis of Tregs. As routine Treg analysis had only recently commenced, we analyzed Treg frequency in the patients from our cohort. Tregs were surface stained with the following fluorochromeconjugated monoclonal antibodies from BD Pharmingen: peridinin-chlorophyll protein-Cyanine5.5 antihuman CD3 (SK7 (15) (16) (17) (18) ), allophycocyanin-conjugated Cyanine7 anti-human CD4 (RPA-T4), fluorescein isothiocyanate-conjugated anti-human CD25 (M-A251), PE-Cyanine7 anti-human CD45RA (HI100). Intracellular Foxp3 was stained using PE-conjugated anti-human Foxp3 (PCH101; eBioscience). Treg phenotypes were analyzed on a BD FACS Canto II (BD Biosciences), and data were analyzed with FlowJo 7.6.5 (Tree Star Inc., Ashland, OR).
STATISTICAL ANALYSIS
Data were reported as the mean 6 SD or mean 6 SEM for continuous variables and as frequencies (%) for categorical variables. Clinical characteristics of the study population were compared in genotypes of each FOXP3 SNP (rs3761547, rs3761548, and rs2232365) using the Wilcoxon rank sum test for continuous variables and Pearson's chi-squared test for categorical variables. Relationships between FOXP3 SNPs in LDLT patients and the severity of ACR, infectious complications, DSA, and EAD were analyzed using Pearson's chi-squared test or Fisher's exact test whenever it was appropriate. To assess associations between the alloimmune response (anti-donor and anti-third party), concentrations of several cytokines, and FOXP3 SNPs, the Wilcoxon rank sum test was used. The Kaplan-Meier method was used for overall survival analysis; comparisons among different groups were carried out using a log-rank test. Statistical analyses were performed using JMP statistical software, version Genomics 8 (SAS Institute, Cary, NC). All P values presented are two-sided. P values of < 0.05 were considered statistically significant.
Results
PATIENTS' DEMOGRAPHIC CHARACTERISTICS
The basic demographic and preoperative characteristics of 102 LT recipients are presented in Tables 1-3 . Besides sex, none of the patient demographics and preoperative characteristics differed among LT patients with different FOXP3 genotypes. The frequency of the rs3761548 A/C1A/A genotype was higher in female than in male patients (P 5 0.001; Table 2 ). Similar sex leaning was observed in 82 healthy LT donors who agreed to the genotyping, possibly reflecting the FOXP3 location on chromosome X (Supporting Table S2 ). Contradictory results with regard to sex bias have been reported, presumably influenced by the target disease of the subjects in each study. (29) (30) (31) (32) (33) On the other hand, higher frequencies of rs3761547 A/A and rs2232365 A/ A genotypes in male patients were observed in this study, consistent with a previous report ( Table 1, 3) . (34) This sex bias of FOXP3 SNPs currently remains inexplicable.
RS3761548 A/C IS ASSOCIATED WITH ACR SEVERITY
We investigated whether the incidence and severity of ACR differed among patients with different FOXP3 genotypes. Sixteen out of the 102 (15.69%) patients experienced ACR within 6 weeks after LDLT (rejection patients). The median time to ACR was 13.5 days (range, 7-32 days). The median dose of total intravenous MP used was 937.5 mg (range, 500-3,525 mg), and the median duration of treatment was 5 days (range, 2-8 days). Consistent with the incidence of SRAR in previous reports, (35) (36) (37) 5 out of 16 (31.25%) patients suffering from ACR were diagnosed as having SRAR. One of these patients was treated with OKT3, 3 with rATG, and 1 without OKT3/rATG. Since 2010, 6 patients have been diagnosed with ACR and have received steroid bolus for rejection therapy. Liver biopsies of these patients after treatment showed that 3 patients responded well to steroid boluses and were thus clinically diagnosed with steroid-sensitive acute rejection (SSAR); indeed, the histologic findings showed no evidence of rejection in the 3 patients. The other 3 patients, whose liver function tests improved by <50% of the highest values, were diagnosed with SRAR, and the histology revealed the remaining mild/moderate cellular rejection (Supporting Table S3 ). Table 4 shows the relationship between the FOXP3 genotypes in LDLT patients and ACR types. The baseline demographics and preoperative variables, such as age, sex, ABO incompatibility, primary disease, donor's relation, model for end-stage liver disease score, Child-Turcotte-Pugh, and HLA mismatches did not differ between the patients who had never suffered ACR (no-rejection patients) and rejection patients (data not shown). The proportion of rs3761548 (C/C versus A/C1A/A) was significantly different among patients with and without an episode of SSAR or SRAR (P 5 0.0005). Of note, all 5 patients suffering from SRAR exhibited the rs3761548 A/C1A/A genotype, while all 11 patients suffering from SSAR exhibited the rs3761548 C/C genotype. There was no statistically significant association between the type of ACR and either rs3761547 or rs2232365. When comparing patients with an episode of SSAR and those with an episode of SRAR, no difference in the baseline demographics and preoperative variables described above was found. Consistent with previous reports, (35, 38) peak values of aspartate aminotransferase and alkaline phosphatase did not differ between SSAR and SRAR patients. SRAR patients in our cohort showed higher serum bilirubin at the start of rejection, although the difference did not reach statistical significance. This was consistent with a previous report that patients with elevated serum bilirubin at the start of rejection were at greater risk of developing SRAR. (35) The total dose of the systemic steroid used as first-line therapy for ACR was lower in SSAR patients (P 5 0.016), while treatment duration was not different between SSAR and SRAR patients (Supporting Table S4 ). These findings indicated that the rs3761548 A/C1A/A genotype is a solitary risk factor for an SRAR episode, while other conventional markers were not significantly associated.
ASSOCIATION BETWEEN ACR SEVERITY AND DE NOVO DSA FORMATION
A previous study demonstrated that early ACR in LDLT was significantly associated with DSA formation within the first month after transplantation, (39) raising a query as to whether the incidence of de novo DSA formation differs between SSAR and SRAR patients. To address this issue, DSA detection was carried out in the sera of 15 ACR patients (the sample of 1 ACR patient was unavailable) pretransplant and 1-month posttransplant. None of the patients had preformed DSAs. Two of the 10 (20%) SSAR patients with the rs3761548 C/C genotype developed de novo DSAs, whereas 4 of the 5 (80%) SRAR patients with the rs3761548 A/C1A/A genotype developed de novo DSAs (Table 5 ). Although the difference between the two groups did not reach statistical significance (P 5 0.08), these results suggest that ACR severity associated with de novo DSA formation is potentially influenced by the rs3761548 SNP.
FREQUENCY OF Tregs IN PERIPHERAL BLOOD IS NOT ASSOCIATED WITH FOXP3 RS3761548 SNPs
We next analyzed whether the frequency of Tregs in peripheral blood was different among patients with different FOXP3 genotypes. To define the Tregs, PBMCs from 11 irrelevant healthy volunteers and the last 14 LT recipients at a pretransplant time point were analyzed. In both the healthy volunteers and the LT recipients, there was no significant association between the proportion of CD25 high Foxp3
1
Tregs between either CD4
1 T cells or whole PBMCs and the rs3761548 SNP (Supporting Fig. S1 ). Further phenotypic analyses also revealed no association of the frequency of either the CD4 
ALLOIMMUNE RESPONSES DURING ACR IN FOXP3 RS3761548 A/C1A/A INDIVIDUALS ARE MORE VIGOROUS THAN THOSE IN C/C INDIVIDUALS
We monitored anti-donor alloreactivity at regular intervals by using an MLR assay employing an intracellular CFSE labeling technique. This allowed us to *Data presented as number (%). † Pearson's chi-squared test; a difference was considered significant if P < 0.05.
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examine the relationship between alloimmune responses and the FOXP3 rs3761548 SNP. Among patients who had never experienced ACR, the average anti-donor CD4 1 /CD8 1 T-cell SI in patients with the rs3761548 A/C1A/A genotype was higher at all time points during the observation period than that in patients with the C/C genotype, although the difference did not reach statistical significance (Fig. 1) .
When patients developed significant disorders in liver function as determined by laboratory tests after LT, MLR was performed for diagnosing ACR immediately after liver dysfunction had occurred. The antidonor CD4
1 T-cell SI determined by MLR assay at the time of ACR diagnosis was higher in patients with the rs3761548 A/C1A/A genotype than in patients with the C/C genotype, whereas the difference in antithird party CD4
1 T-cell SI between the genetically disparate two did not reach statistical significance (Fig.  2B) . Similarly, the anti-donor CD4
1 T-cell SI in patients with the rs3761547 A/A genotype was higher than that in patients with the A/G1G/G genotype, probably reflecting that 80% of FOXP3 rs3761548 A/ C1A/A individuals suffering from SRAR displayed the rs3761547 A/A genotype (Table 4) . We observed no association between the SI and rs2232365 SNPs ( Fig. 2A,C) nor between the anti-donor CD8 1 T-cell SI and FOXP3 SNPs. Thus, alloimmune responses in CD4 1 T cells during ACR after LT were more vigorous in FOXP3 rs3761548 A/C1A/A individuals than in C/C individuals.
RELATIONSHIP BETWEEN SERUM LEVELS OF IMMUNE-REGULATORY CYTOKINES AND FOXP3 SNPs
We further investigated whether serum levels of immune-regulatory cytokines were influenced by the FOXP3 genotype in LT patients. We found no significant association between serum levels of IL-2, IL-10, IFN-c, IL-17A, or IL-35 and rs3761548 at any time point (Fig. 3) . Of note, among LT patients who had experienced ACR, serum IFN-c levels at 2 weeks were markedly higher in patients with the rs3761548 A/ C1A/A genotype than in patients with the C/C genotype. Such association was not observed for rs3761547 and rs2232365 SNPs (Supporting Figs. S3 and S4 ). Statistical differences in preoperative serum IL-2 levels among the rs3761547 SNP disparate patients and in serum IL-35 levels at 2 weeks among the rs2232365 SNP disparate patients were observed, although these findings are not clinically well interpreted. DSA was analyzed by using LAB Screen Single Antigen assay. Data presented as type of DSA with mean immunofluorescence intensity (MFI) in parentheses and hyphen indicates HLA allele negative i.e. (MFI < 1000) for DSA. DSA, donor specific anti-HLA antibody; SSAR, steroid sensitive acute rejection; SRAR, steroid resistant acute rejection. 
RELATIONSHIPS BETWEEN THE INCIDENCE OF EAD AND FOXP3 SNPs
EAD is considered to be an important complication after LDLT. Therefore, we next evaluated the relationship between FOXP3 SNP genotypes and EAD. Fifteen of the total 102 patients (14.7%) developed EAD, which is consistent with the incidence of EAD in previous reports. (21, 22) The recipient and donor characteristics, surgical details of the patients, as well as FOXP3 SNPs and incidence of EAD are summarized in Supporting Table S5 . The model for end-stage liver disease score was significantly higher in the EAD group than the non-EAD group (P 5 0.0002). Similarly, the total bilirubin level and the international normalized ratio on posttransplant day 7 were also significantly higher in the EAD group. There was no significant association between any of the FOXP3 SNPs and the incidence of EAD among the whole cohort, and even among patients without an ACR episode, the incidence of EAD was 17.85% (10 of 56) for the C/C genotype and 6.67% (2 of 30) for the rs3761548 A/C1A/A genotype; P 5 0.20).
RELATIONSHIPS BETWEEN THE INCIDENCE OF INFECTIOUS COMPLICATIONS/PATIENT SURVIVAL AND FOXP3 SNPs
The overall incidences of fungal infection, CMV infection, and BSI within 6 weeks after LT were 17.6%, 33.3%, and 31.4%, respectively. None of these infection episodes in LT recipients differed among any of the FOXP3 genotypes (Table 6 ). The overall survival did not differ among patients with different FOXP3 SNPs of rs3761547, rs3761548, or rs2232365 (Fig. 4) . The cause of mortality was either recurrence of original disease (24%), surgical complications (16%), BSI (20%), rejection (12%), or another cause (28%). These findings indicate that FOXP3 genotypes are not associated with the incidence of infectious complications and patient survival in our cohort of LT recipients.
Discussion
ACR after liver transplantation, which occurs in one third of all recipients, can be mild to severe and should be treated according to its severity. Although the gold standard for diagnosing the presence and severity of ACR of liver allografts is histologic evaluation based on the Banff criteria, (19) histologic analysis cannot precisely predict the clinical response to first-line rejection therapy with steroid pulse. (40) Several retrospective studies have attempted to define either a predictive parameter or a risk factor for SRAR. One study could not display remarkable differences in clinical, biochemical, or immunologic parameters between patients with SSAR and SRAR. (38) Conti et al. (35) reported that LT patients who had a pretransplant history of steroid administration for autoimmune disease were at high risk of developing SRAR compared to recipients without such history. The same group explored the possible roles of IL-1, IL-1Ra, and IL-15 in SRAR and concluded that IL-1Ra secretion was consistently reduced in patients with SRAR. (37) They also demonstrated that plasma IL-15 was enhanced particularly during SRAR and chronic rejection. (41) However, current methods to predict the risk of SRAR still display insufficient specificity and sensitivity, making implementation of targeted therapies difficult. Although treatment with rATG is an effective therapeutic option for SRAR with acceptable complications in LT recipients, (36, 42, 43) emerging surrogate markers of SRAR would further improve the safety, efficacy, and outcomes of this specific remedy. The effects of steroids depend on their capacity to bind to the glucocorticoid receptor (GCR) and form a steroid-GCR complex, which acts as a transcription factor enhancing the expression of numerous genes.
(44) GCR has been described as an enhancer of FOXP3 gene expression. (45) Several studies in both transplant and nontransplant fields have reported the capability of steroids to enhance Foxp3 expression in vitro and in vivo to generate Tregs. (46) (47) (48) (49) Mathian et al. (49) and Karagiannidis et al. (46) found that systemic administration of MP induced dramatic and rapid but transient increases in circulatory Tregs in patients with asthma and systemic lupus erythematosus, respectively. On the other hand, Prado et al. (47) found that in vitro dexamethasone up-regulated messenger RNA, enhanced FOXP3 expression, and generated CD25
high cells with phenotypic characteristics attributable to natural Tregs. Despite their hyporesponsiveness and enhanced Foxp3 expression, these Tregs did not exert suppressive activity. In another study done in renal transplant patients treated with MP for acute kidney rejection, Seissler et al. (48) observed an increase in a specific subset of Tregs that displayed the CD4 Several gene disease association studies suggested that FOXP3 SNP rs3761548 may be the potent regulatory site of transcription of FOXP3. (10, 28, 50) In accordance with the TRANSFAC6.0 public database, the rs3761548 C/A polymorphism is located in the core of 'GGGCGG' sequence of the putative binding site for the transcription factor specificity protein 1 (Sp1); this C>A allele mutation might therefore interfere with the interaction of Sp1 with the FOXP3 promoter. Thus, the rs3761548 A allele may affect Foxp3 expression and the Treg function. (50) These molecular facts may explain significantly higher incidence of SRAR observed in LT patients with the FOXP3 rs3761548 A/C1A/A genotype than those with the C/C genotype in the current study.
FOXP3 SNPs have been reported to influence genetic susceptibility to various autoimmune diseases and tumors. More precisely, the rs3761548 genotype has been associated with autoimmune thyroid disease, unexplained recurrent spontaneous abortion, rheumatoid arthritis, psoriasis, and allergic rhinitis. (26) (27) (28) 32, 33) In the transplantation field, Qui et al. (12) reported that the rs3761548 A/A genotype has an increased risk of allograft rejection 2, 3, and 5 years after renal transplantation, despite a lack of association with early rejection. In this study, we serially monitored alloimmune responses in recipients by MLR assay instead of using a pathologic investigation/biopsy for diagnosing ACR. The MLR assay using the CFSE labeling technique assay has proven effective for recognizing an individual patient's posttransplant status and distinguishing rejection from relapse of the original disease. (16) (17) (18) The MLR data revealed that alloimmune responses in CD4 1 T cells during ACR after LT in individuals with FOXP3 rs3761548 A/C1A/A were more vigorous than those in C/C homozygous individuals. The C/C individuals, who had competent transcription of FOXP3, may well proliferate competent Tregs that can counter the cytotoxic T cells, thus leading to mild ACR or steroid-sensitive ACR. On the other hand, A-allelecarrying individuals, who have a defective transcription of FOXP3, may produce incompetent Tregs that cannot suppress ongoing proliferation of cytotoxic T cells against allografts, thus leading to severe ACR, which can only be suppressed by the use of depleting antibodies targeting T cells. Thus, the rs3761548 A/C1A/ A genotype can be considered a risk factor for resistance to steroid pulse therapy for treating ACR but does not appear to be a risk factor for the onset of ACR.
In conclusion, the FOXP3 gene rs3761548 SNP in LT recipients was significantly associated with susceptibility to SRAR. This fact suggests that the immunosuppression regime and/or anti-ACR treatment regimen should be adjusted on an individual basis by identifying FOXP3 SNPs, implying a need for personalized medicine in the field. Although this study is preliminary with a relatively small cohort, it can nevertheless serve as a useful starting point for further large-scale prospective studies with a more rigorous and controlled design, including quantitation of Foxp3 1 Tregs in liver allografts of patients with various genotypes.
